'39). Willstaedt and With, '38, developed a method based on the reaction of vitamin A with antimony trichloride and measured the amount of color product with a step-photometer. Koehn and Sherman ( '40) also utilized the antimony trichloride reaction for A but used the photoelectric colorimeter for the measurement. Carotene was also determined by means of this instrument. A modification of the Koehn and Sherman procedure was adopted by the Technical Comittee, and this method, with some changes in details, is that employed in this paper. 
STANDARD CURVES FOR CAROTENE AND VITAMIN A
Beta-carotene2 (M. P. 180Â°C.) was used for the construc tion of a standard curve with galvanometer readings given by passing the light through a 440 nip. filter. Ten dilutions of carotene, ranging from 0.2 to 4 pg./cc. were made and read. With galvanometer readings (G440)above 46 3the curve is rep resented by the factor 2.93. In this range L440X 2.93 = pg. carotene per ce. L values corresponding to galvanometer readings (L = 2 â€"log G) are supplied with the colorimeter. Below 463 the curve is no longer straight and the factor in creases with concentration of carotene.
The standard curve for vitamin A was made with crystal line vitamin A alcohol.3 It was stated to have an extinction coefficient of 1720. Eight dilutions of the alcohol ranging from approximately 1 |jg-to 8 pg./cc. were treated with the CarrPrice reagent, the resultant color read through a 660-mp. filter, and the readings used in the construction of the curve. The factor relating weight of vitamin A to the corresponding L value was 1.33 Â±-06. Hence L020X 1.33= \ig. vitamin A/cc. CHROMATOGRAPHIC 
SEPARATION OF PIGMENTS
The naturally-occurring non-carotene pigments of butter as well as butter colors can be separated from the carotene by chromatography. The results thus obtained were used as the standard in developing the solvent-separation method. Heavy U.S.P. magnesium oxide, tested for its retention of ÃŸ-carotene, was dry-packed in a tube to form a column 4 to 5 cm. long and 1.25 cm. in diameter. The solution of pigments in Skelly Solve B (hereafter called S.S.B.) was concentrated under reduced pressure to about 5 cc. and forced into the column with compressed air. The column was washed with S.S.B. until the solvent came through colorless and the fraction read as carotene. The non-carotene pigments were then eluted from the column with S.S.B. containing 10% absolute alcohol. This solution was evaporated to dryness under reduced pres sure, the residue was taken up in S.S.B., and the solution read for non-carotene pigments expressed as carotene.
Diacetone alcohol diluted with a small quantity of water to 94% strength was found to remove more non-carotene pig ment from S.S.B. solutions than does 92% methanol or 85% ethanol. The values obtained by the diactetone extraction procedure agreed closely with the Chromatographie results. . .CARO TENE'.': <><total62.761.874.079.1*7774.479.577.576.375.7 The determinations were run on S.S.B. solutions of the butter extract obtained as described later in the paper. An aliquot was read for total pigment. A second aliquot of 20 cc. was extracted with three 10-cc. portions of diacetone, washed once with 10 cc. of water, made up to volume and read. A third aliquot was chromatographed, and a fourth was ex tracted with three 10-cc. portions of 92% methanol, washed three times with 10-cc. portions of water, and dried over anhydrous sodium sulfate before bringing up to volume and reading. Tests were made to determine the number of washings required to remove diacetone and methanol from the S.S.B. solution of carotene. One washing proved sufficient to re move the cloudiness caused by these solvents. Three to six washings had no effect on the quantity of carotene found.
Drying the S.S.B. solution of carotene over anhydrous sodium sulfate before reading appears not only to be un necessary but may yield erroneous results. In no case were the readings of the dried carotene solutions higher, and on several butter samples they were lower than the values for undried and chromatographed samples. These losses were later traced to the kind of Na2S04 used. One, a granular product, absorbed no carotene but a second, which was very finely powdered, removed from 8 to 22% of the total carotene from solution. No such absorption of carotene or vitamin A from ether solution by anhydrous sodium sulfate was en countered .
COMPOSITION OF PIGMENTS IN THE SOLVENT FRACTIONS
The composition of the fractions obtained by extracting the S.S.B. solution of pigments with diacetone and methanol was determined by chromatographing.
Before chromatographing, the extracted S.S.B. solution was washed with water to remove the interfering methanol and diacetone. The pig ments in the methanol and diacetone extracts were trans ferred to S.S.B. for chromatographing by diluting the extracts with an equal volume of water and shaking with three 10-cc. portions of S.S.B. Table 2 contains the results of a typical analysis.
The data show that approximately 10% of the total caro tene (0.64 pg. out of 6.5 pg.) was removed by the diacetonealcohol but that non-carotene pigment (0.38|jg-) was left behind to compensate largely for this removal. Extraction with 92% methanol removed only 0.1 Â¡jg. of carotene but left behind about 0.95 \ig. of non-carotene pigments. The carotene figure by the diacetone method (6.33) checks reasonably well with the Chromatographie figure (6.5), but the methanol value (7.22) is 11% too high. 
CORRECTION FACTORS FOR PRESENCE OF CAROTENE AND ADDED BUTTER COLOR OF VITAMIN A
Antimony trichloride reacts with carotene to produce a blue color with maximum absorption at 590 mu. but with suf ficient absorption at 620 mjj. to cause an error in the calcula tion of A if no correction is made. A correction factor was arrived at by testing six dilutions of a carotene solution rang ing from approximately 1 Mg. to 11 ng./cc. The correction factors ranged from 0.0081 to 0.0059 increasing as the con centration decreased. The average of the six values was 0.007. This factor is an expression of the effect on the L value at 620 mp. when 1 pg. of carotene reacts with antimony trichloride. It is applied by multiplying the pg. of carotene present in the Evelyn tube by 0.007 and subtracting this from the observed L value.
The dyes yellow AB and OB also react with antimony tri chloride to produce a pink color with some absorption at 620 m\i. The same correction factor was found applicable to them as is applied to carotene. Therefore : Le2o(corrected) =L620 (observed) â€"(0.007 X Mg-total pig ment expressed as carotene).
SOLVENT EXTEACTION METHOD FOE ANALYSIS OF BUTTER
Whole butter may be used if the fat content is known. If not, the butterfat is obtained by melting the butter on a water bath below 60Â°C. and filtering it through cotton. It is then allowed to solidify in the refrigerator.
The cake is re moved and scraped free of any adhering particles of moisture and non-fat solids. Ten gm. of fat are weighed into a suit able saponification flask. Five gm. of solid KOH, 5 cc. of water and 20 cc. of aldehyde-free methanol are added, and the flask is connected by a ground glass joint to a condenser and refluxed on a water bath for 10 minutes. The sample is then diluted with 40 cc. of distilled water, transferred to a separatory funnel, and the flask rinsed with an additional 40 cc. of water. The mixture is extracted with one 100-cc. and two 50-cc. portions of peroxide-free ether. The combined extracts are washed with 100-cc. portions of distilled water until the washings are free of alkali. Four washings should be sufficient. The ether solution is dried over anhydrous sodium sulfate and transferred to a round-bottom Claisen flask; the sodium sulfate is washed three times with 10-ec. portions of ether and the washings added to the main solution. Several glass beads are added to prevent bumping. The flask is placed on a warm water bath and the ether removed under reduced pressure. Care must be taken not to continue heat ing the flask after the ether has been removed. About 15 cc. of S.S.B. is added before the vacuum is released. If the flask is still warm, it is cooled under the water tap. The solution and rinsings of the flask with S.S.B. are transferred to a 50-cc. volumetric flask and made up to volume.
A 5-cc. aliquot is diluted to 10 cc. and read for total pig ment. Another aliquot of 25 cc. is extracted with three 10-cc. portions of 94% diacetone-alcohol to remove non-carotene The volumes given for carotene and vitamin A are suitable for summer butters, but for winter butters, which have less pigment, a greater concentration of the final solution may be required.
The instrument used is the Evelyn Photoelectric Col orimeter with a 440-mn. filter for carotene and a 620-m|j. filter for vitamin A. Concentrations are read off standard curves and the proper correction factors applied.
The above method differs from that adopted by the Tech nical Committee in certain respects, the most important being the following:
In the Committee method the extracting solvent for removal of non-carotene pigments is 92% methanol except for winter butters produced by cows fed acid or molasses silages. For such butters 94% diacetone is recommended. Since in most cases the kind of ration is not known, 94% diacetone has been used for all samples.
In the Committee method the S.S.B. solution used for the carotene determination is washed four times with water and dried over sodium sulfate before being diluted to a suitable volume. In our method one washing and no drying is used. Our data on the effect of washing and drying did not reach the Committee in time for consideration before the formula tion of the method.
CAROTENE AND VITAMIN A CONTENT OF WISCONSIN BUTTERS
Early in April, 1942, twenty-two 1-lb. samples of butter made during the week of March 23, 1942, by creameries in southwestern Wisconsin were analyzed. In July, 1942, twenty samples of butter (fifteen from the same creameries, five from others in the same region) were analyzed. Table 3 sum marizes these analyses. With the aid of the Division of Marketing of the State Department of Agriculture, collection and analysis of Wis consin butters was undertaken on a much larger scale in September, 1942, and January, 1943 . The state was divided into nine districts, and from each the number of samples corresponding to the district's proportion of the state pro duction were collected and analyzed. Inspectors of the Wis consin Department of Agriculture collected these samples from the creameries, packed them in ice or dry ice in most cases,4 and sent them directly to the laboratory together with data sheets regarding the samples. The data sheets asked for as much information (e.g., data on churning, breed of cattle, rations, etc.) as was thought pertinent in interpreting the results.
Samples from seventy different creameries were collected in September, 1942, and other samples from sixty-five of these 4The packing was probably not necessary. Several samples kept at room tem perature for 3 days, which is longer than a sample would be in transit, showed no change in carotene or vitamin A content. In the calculation of International Units 0.6 \ig. of ÃŸ-carotene and 0.25 \ig. of vitamin A were each taken as equal to 1 I.U. (Baxter and Robeson, '42) . The average butterfat content of the butter was assumed to be 81%.
The table shows the carotene content of July butters as almost 3.5 times that of March butters, and the vitamin A content about 1.6 times as great. September values do not vary greatly from those of July. The January butters, how ever, show a slightly higher content of vitamin A and a con siderably higher carotene content than the March samples. From September to January the carotene content decreased about 60%, while the vitamin A decreased about 35%. About 75% of the total pigment of the summer butters was caro tene. The few samples of uncolored winter butters which were obtained contained 60 to 65% of the total pigment as carotene.
The distribution of the September and January samples according to their carotene and vitamin A content is shown in figure 1 . The September samples show an approximately normal type of distribution, but the January samples show a much narrower spread. This concentration effect is probably related to the storage of carotene and vitamin A in the tissues of cattle and to the low content of carotene in winter rations. During the winter feeding, cattle draw on these stores to hold up the carotene and vitamin A content of the milk. Only after several months does the milk reach a con stant low level. The drop in vitamin A is less than that for carotene, because the latter is constantly being converted into the former and hence acts as a reservoir for it.
The distribution of the March samples (not shown in the figure) was of the same type as in January. However, there was a further general decline with the majority of the samples falling in the next lower divisions as compared with the January distribution.
Variations among samples at any time may be related to several factors, but breed and carotene content of the ration are probably the two most important. Samples high in carotene and low in vitamin A invariably came from districts where 70% or more of the cattle were reported to be Guern seys. In districts where Holsteins predominated, the opposite relationship existed. About ten samples for each group were obtained from districts with this preponderance of one or In 1938 and 1939 this laboratory made a survey of the carotene and vitamin A content of market milks of the state (Dornbush, Peterson, Olson, '40) . Calculating on the basis of butterfat content and correcting for the inclusion of noncarotene pigments in the milk survey values, it appears that the milks of that period were about 18% higher in vitamin A activity than the present butters. However, since the milks showed a variation of about 15% for corresponding seasons in the 2 years, this difference is not significant.
EFFECT OF STORAGE OF BUTTERS ON VITAMIN A CONTENT
In June, 1942, four samples of butter produced by the Department of Dairy Industry were analyzed prior to being placed in storage at â€"21 to â€"23Â°C. These butters were stored in conventional 64-lb. unparaffined tubs lined with parchment paper and closed with wooden lids. In February they were taken out of storage and again analyzed. No loss of carotene or vitamin A was observed. The seventy 1-lb. samples obtained in September, left in the original paper wrapping and carton, were also placed in storage. Ten of these were analyzed in February, 1943. Again no loss of either carotene or vitamin A was observed.
SUMMARY
A solvent extraction method is described for the determina tion of carotene and vitamin A in butters, utilizing the yellow color of the carotene for its determination and the CarrPrice reaction for the determination of vitamin A.
Diacetone alcohol, 94%, proved to be superior to 92% methanol for the extraction of non-carotene pigments.
The March butters averaged about 9,500 I.U./lb. The but ters of July and September averaged about 18,000 I.U./lb. The January butters were slightly better than the March butters and contained about 10,500 I.U./lb.
In the summer butters, about 75% of the total natural but ter pigment was found to be carotene, in the winter butters 60 to 65% of the pigment was carotene.
Storage of butter as long as 8 months did not result in a loss of carotene or of vitamin A.
